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ABSTRACT  
The oxygen-enriched Circulating fluidized bed (CFB) combustion technology is a 
new method to reduce CO2 emissions. The coal ignition temperature, TiF, in an 
oxygen-enriched CFB boiler is an important parameter for designing the startup 
burner and for choosing the operating strategy during the startup process. The 
combustion of five types of coal under four different atmospheres (air, O2 27 %, O2 
40%, O2 53%, CO2 as balance gas) was measured in a laboratory scale fluidized bed 
(FB) with an under-bed preheat system. Using thermocouples and a Gas Analyzer, 
the changes in bed temperature and the concentration of the different components, 
such as O2, CO2 and CO, in flue gas were directly measured to determine TiF. It was 
found that TiF decreased with increasing O2 concentration. The differences between 
the ignition temperatures determined in air and with 27 % O2 were not significant. At 
lower bed temperatures, for two coal types with higher volatiles, a two stage-ignition 
for volatiles and char was observed under a high O2 concentration. The time delay 
between the two stages decreased and finally merged into one with increasing bed 
temperature. Similar results were obtained in air. The coal with the higher volatile 
content had a lower ignition temperature in an oxygen-enriched CFB. Comparison of 
the ignition temperatures obtained by different methods and the feed temperatures in 
industrial CFB boilers showd that the measured result in a fluidized bed can be used 
as a reference for oxygen-enriched CFB boilers. 
INTRODUCTION 
As one of the “green house” gases, CO2 was considered as the one of the main reasons 
for causing climate changes. Oxygen-enriched combustion in a PC boiler is considered 
one potential technology to reduce CO2 emissions. Many researchers have focused on 
this area. By recycling the flue gas, the CO2 concentration in the exhaust gas can reach 
more than 90%, which is convenient for the application of Carbon Capture and Storage 
(CCS) technology.   
An oxygen-enriched CFB is superior to a traditional CFB, Yuru Mao et al (1), and is 
being studied as a new technology to reduce CO2 emissions by more and more 
researchers. Recycling of the flue gas increases the contact of the SO2 and 
desulphurization sorbent, which decreases the conversion rate of the 
SO2 ,Zhongyang Luo et al,(2).The emissions of NOX is much lower because of the 
‘time gap’ in the formation of nitrogen species and the lack of thermal NOx,Omasz 
Czakiert et al,(3). However, there are still many promblems to be solved for 
oxygen-enriched CFB, such as the coal ignition temperature and coal combustion 
characteristics in the CFB boiler. The Coal ignition temperature in CFB boilers, Ti, 
defined as the lowest bed temperature required for stable coal combustion, is an 
important parameter for burner design and automatic control during the startup 
process. When the coal is fed into a furnace at a temperature lower than Ti, the coal 
will not burn and the furnace temperature will decrease even more. Once the fuel 
concentration and temperature in the furnace reach critical conditions, the mixture 
will flash and the furnace temperature will suddenly increase, which leads to 
overheating. Feeding the coal in the furnace at temperatures higher than Ti is safer 
but consumes time and oil. The coal ignition temperature is influenced by the type of 
the reactor, the way of heating and particle size in the conventional CFB boiler, Hairui 
YANG et al,(4).The ignition characteristics of the coal can be described by an ignition 









where TΔ  is the difference between the initial furnace temperature and the 
maximum temperature, t1 is the time to reach the lowest temperature, and t2 is the 
time to reach the maximum temperature, Hairui YANG et al,(4). 
In this work, ignition temperatures of five different types of coal under four different 
atmospheres (air, O2 27 %, O2 40%, O2 53%, CO2 as balance gas) were measured in 
a laboratory scale bubbling fluidized bed (FB) with an under-bed preheat system. By 
using thermocouples and a Gas Analyzer, bed temperature, O2 concentration and Fi 
were obtained to determine the factors influencing the coal ignition temperature and 
the combustion characteristics. 
EXPERIMENTAL SETUP 
The ignition temperature was measured in a laboratory-scale fluidized bed reactor 
with an inner diameter of 65 mm, which was heated with an under-bed preheat 
system. The sketch of the experimental setup is shown in Figure 1. 
Quartz sand was used as bed material. The size of the bed particles was in the range 
of 0.275mm-0.3mm.The height of the bed was 40mm. CO2 and O2 were mainly used 
as the component gases in this experiment to obtain three kinds of inlet gases with 
different concentration of O2. The component gases were supplied by gas cylinders. 
The simulated gas flowed through the pre-heater directly into the FB. The superficial 
gas velocity in the combustion chamber was about three times Umf. Since the 
operating conditions greatly influence the coal ignition characteristics, standard 
operating conditions as a baseline were specified in Table 1. 
 
Fig.1. Schematic drawing of the experimental setup 
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Table 2 Proximate analyses of different coals 
proximate analyses [wt%] No. Coal Type 
Mt Vad Fc ad Aad 
LHV,ar 
(MJ/kg) 
1 Long Yan 4.72 4.30 58.02 32.96 19.07 
2 Lu An 2.12 10.31 61.03 26.54 25.05 
3 Fu Gu 3.96 30.19 44.31 21.53 22.58 
4 Yan Zhou 0.00 35.51 55.67 8.82 21.38 
5 Xiao Long Tan 9.88 49.07 36.10 4.95 12.43 
 
Table 3 Ultimate analyses of different coals 
No. Coal Type Cad Had Oad Nad Sad 
1 Long Yan 52.30 1.04 0.83 0.71 1.12 
2 Lu An 62.13 2.67 7.33 1.18 0.15 
3 Fu Gu 56.58 3.61 14.28 1.12 0.42 
4 Yan Zhou 55.38 2.04 6.42 1.12 0.50 
5 Xiao Long Tan 36.72 1.87 12.59 1.01 1.66 
Five different types of coal were used as fuel. Tables 2 and 3 list the proximate and 
ultimate analyses of each fuel. The size of the coal sample was in the size rang of 
1-2mm and the mass in each batch experiment was about 2g. The temperature of 
the dense bed was measured by thermocouples during the experiment. A Gas 
Analyzer was used to measure the changing of concentration of different 
components. 
Procedure 
1. After the furnace was electrically heated to the selected furnace temperature, Tb, 
the coal particles were injected into the furnace. 
2. The furnace temperature was then recorded by the data acquisition system. 
Ignition of the coal particles was evaluated by observing the flame and sparks 
through a mirror. If the coal particles ignited, the furnace temperature was reduced to 
a lower temperature Ti+1 and steps 1 and 2 were repeated until the coal particles did 
not ignite. 
3. If the coal particles did not ignite, TiF, was assumed to be half way between Ti and 
Ti-1 and the process was repeated. The process was terminated when |Ti - Ti-1 
|<5℃.Then Ti was considered as the ignition temperature. 
RESULTS AND DISCUSSION 
Influence of furnace temperature on TiF 
Figure 2 shows the bed temperature history curves of coal type 2 with different initial 
bed temperatures at an oxygen concentration of 52.7 %(CO2 balance). 







































Fig.2. Bed temperature difference vs. time 
(coal 2, O2 52%, CO2 balance) 
Fig.3. Fi of coal 2 vs. temperature 
Obviously, the combustion characteristics of the same coal type were different even if 
the initial bed temperature, Tb, changes within a narrow range. The ignition index 
increased with increasing Tb, as shown in Figure 3, which was the same as the result 
obtained with air [Yang 2005]. This means the coal particle is easy to ignite at higher 
Tb. The initial bed temperature directly influences the heating rate of the particles, the 
volatile release rate, and the combustion kinetics. There is a point of the index when 
Tb reaches ignition temperature, which means when Tb is over the ignition 
temperature the reaction goes faster than it does below this temperature. Results 
obtained from different coal types had the same tendency. 
Influence of volatile content on TiF 
Figures 4 and 5 show a comparison of the temperature history curves of char and 
coal at 785℃, O2 20.9%, CO2 balance condition with coal types 1 and 5. For these 
conditions coal types 1 and 2 with low volatile contents had a higher ignition index 
than their char with the same mass. However, for the same conditions, for coal types 
3, 4 and 5 with high volatile contents, the results were opposite. For a high furnace 
temperature, a small volatile content in the coal would encourage the ignition, yet 
large content would inhibit the ignition. 








































Fig.4. Bed temperature difference vs. time 
(coal 1,785℃, O220.9% , CO2 balance,2.0g)
Fig.5. Bed temperature difference vs. time 
(coal 5,785℃, O220.9% , CO2 balance,2.0g)
Volatiles release from the coal particles immediately after the coals were injected into 
the furnace, which increases the porosity at the surface and inside the coal particles. 
Increased porosity of the particle enhances oxygen diffusion and increases the 
reactivity of char. Therefore, for coals with a high volatile content, TiF is lower. 
However, at a higher Tb, rapid volatile releases and combustion results in increasing 
local temperature, this causes the local reactant gases to increase in volume 
increasing too, which decreases the oxygen concentration. For coal with a high 
volatile content, the positive influence caused by increasing contact area is 
restrained by the negative influence caused by the volatiles, so, at higher furnace 
temperatures, the influence of volatile content is not as significant as at a lower Tb, 
and even can have the opposite effect. 
Influence of oxygen concentration on TiF 
The tests results show that the ignition index increases with increasing oxygen 
concentration for all types of coal, as shown in Figure 2. With a high initial 
temperature, this tendency is more obvious. The combustion rate of the coal particles 
in a fluidized bed boiler is usually controlled by the chemical kinetics and the species 
diffusion. However, it is controlled most by chemical kinetics when the furnace 
temperature is low (under 500℃). 
When the oxygen concentration of the fluidizing media was 27%, the ignition curves 
were similar with the results obtained in air, which implies that the increase of the 
oxygen concentration from 20.9% to 27% did not improve the ignition process. 
Because of the replacement of N2 with CO2, the combustion reaction process was 
inhibited by the high concentration of CO2. 
Two stage-ignition 
Fig.6.Two stage ignition vs. time, coal 4 
(O2=27.8%) 
Fig.7.Two stage ignition vs. time, coal 4 
(O2=40%) 
Two stage-ignition was observed in the tests with some high volatile coal types with a 
certain range of initial bed temperatures and oxygen concentrations, as shown in 
Figures 6 and 7. The volatiles released and were ignited after the coal particles were 
injected into the furnace, and then the char began to burn. This “two stage-ignition” 
became more conspicuous with increasing oxygen concentration, and the two stages 
would move closer when furnace temperature was increased. The two stages would 
merge when the initial bed temperature was high enough, because of the high 
chemical kinetics of char. 
However, two stage-ignition was not found in the tests with coal 5 which had the 
highest volatile content. It was observed that the combustible content in the volatiles 
of coal 5 was much lower than that of coals 3 and 4 by using a mass spectrograph. 
This means the reactivity of the volatiles of coal 5 is not high enough to reach the first 
stage.Therefore,the ignition process is influenced not only by the volatile content, but 
also the combustible content in the volatiles. 
Comparison  
Figure 8 shows a comparison of the ignition temperatures obtained in 
laboratory-scale FB in air condition and oxygen-enriched condition, and the actual 
feed temperatures in CFB boilers of China. The actual feed temperatures in CFB 
boilers for bituminous coal and brown coal are similar with the ignition temperatures 
obtained in the laboratory-scale FB in air. However, for coal types with low volatile 
content and high ash content, such as anthracite, the feed temperatures are much 
higher than the ignition temperatures because the operators normally choose relative 
high feed temperatures for safe operation. The oxygen enriched technology is 
capable of decreasing the coal ignition temperature in compared with air, so it can 
save more oil during the ignition stage. 
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Fig.8.Comparison of ignition temperature and actual feed temperatures in CFB. 
CONCLUSION 
The ignition temperatures and combustion characteristics of five different types of 
coal were determined in a laboratory-scale FB with a preheat system. Similar with 
the results obtained in air, coals with high volatiles had lower ignition temperatures in 
an oxygen-enriched CFB. TiF decreased with increasing O2 concentration. The 
difference between the ignition temperatures determined in air and 27% O2 were not 
significant. Two-stage ignition appeared in the ignition process of some high volatile 
content coals in a range of oxygen concentrations and initial temperatures. This was 
also influenced by the combustible content in the volatiles. 
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NOTATION  
U— fluidizing air velocity, m/s Umf—minimum fluidizing air velocity, m/s 
Tb—bed temperature, ℃ TiF—coal ignition temperature in FB, ℃ 
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